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(57) ABSTRACT

A multiphase controller includes an integrator enable termi-
nal, a pulse width modulator, an error integrator, an open
drain driver, and an integrator enable circuit. The integrator
ecnable terminal 1s adapted to be coupled to the integrator
enable terminal of a different instance of the multiphase
controller. The pulse width modulator 1s configured to
modulate a power stage. The error integrator 1s configured to
control the pulse width modulator. The open drain driver 1s
coupled to the integrator enable circuit. The integrator
enable circuit 1s coupled to the pulse width modulator, the
error integrator, the open drain driver, and the integrator
enable terminal. The integrator enable circuit 1s configured
to activate the open drain driver responsive to generation of
a power stage control pulse by the pulse width modulator,

and activate the error integrator responsive to a logic low
signal at the integrator enable terminal.
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MULTIPHASE CONTROLLER
COMMUNICATION

BACKGROUND

As systems and integrated circuits (e.g., processors, appli-
cation specific integrated circuits, etc.) become more com-
plex, the power requirements of these circuits also become
more complex. Multiphase regulators are increasingly used
to provide power to such systems and circuits. A multiphase
regulator includes multiple (e.g., 2-12) parallel power stages
cach including power transistors and an inductor. A multi-
phase controller coordinates the switching of the power
stages. The multiphase controller activates the power stages
at spaced intervals to produce a desired output voltage.

SUMMARY

In one example, a multiphase controller includes an
integrator enable terminal, a pulse width modulator, an error
integrator, an open drain driver, and an integrator enable
circuit. The error integrator 1s coupled to the pulse width
modulator, and includes an enable mput coupled to the
integrator enable terminal. The open drain driver includes a
current terminal and a control terminal. The current terminal
1s coupled to the integrator enable terminal. The integrator
enable circuit includes an input coupled to the pulse width
modulator, and an output coupled to the control terminal of
the open drain dniver.

In another example, a multiphase controller includes an
integrator enable terminal, a pulse width modulator, an error
integrator, an open drain driver, and an integrator enable
circuit. The integrator enable terminal 1s adapted to be
coupled to the integrator enable terminal of a different
instance of the multiphase controller. The pulse width modu-
lator 1s configured to modulate a power stage. The error
integrator 1s configured to control the pulse width modulator.
The open drain driver 1s coupled to the integrator enable
circuit. The integrator enable circuit 1s coupled to the pulse
width modulator, the error integrator, the open drain driver,
and the integrator enable terminal. The integrator enable
circuit 1s configured to activate the open drain driver respon-
s1ve to generation of a power stage control pulse by the pulse
width modulator, and activate the error integrator responsive
to a logic low signal at the integrator enable terminal.

In a further example, a multiphase converter includes a
first multiphase controller, a second multiphase controller,
and a power stage. The first multiphase controller includes
an integrator enable terminal, and a controller startup ter-
minal. The power stage includes a temperature sense termi-
nal coupled to the control startup terminal of the first
multiphase controller. The second multiphase controller
includes a controller startup terminal, an integrator, a pulse
width modulator, an error integrator, an open drain driver,
and an integrator enable circuit. The controller startup
terminal of the second multiphase controller 1s coupled to
the temperature sense terminal of the power stage. The
integrator enable terminal of the second multiphase control-
ler 1s coupled to the integrator enable terminal of the first
multiphase controller. The pulse width modulator 1s config-
ured to modulate the power stage. The error integrator 1s
configured to control the pulse width modulator. The open
drain driver i1s coupled to the integrator enable terminal of
the second multiphase controller. The integrator enable
circuit 1s coupled to the pulse width modulator, the error
integrator, the open drain driver, and the integrator enable
terminal of the second multiphase controller. The integrator
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enable circuit 1s configured to activate the open drain driver
responsive to generation ol a power stage control pulse by
the pulse width modulator, and activate the error integrator
responsive to the first multiphase controller generating a
logic low signal at the integrator enable terminal of the
second multiphase controller.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram for an example multistage
DC-DC converter that includes stacked multiphase control-
lers with inter-controller communication.

FIG. 2 1s a block diagram for example startup synchro-
nization circuitry included in the stacked multiphase con-
trollers of FIG. 1.

FIG. 3 1s flow diagram for an example method for startup
synchronization of stacked multiphase controllers.

FIG. 4 1s a block diagram for example integrator startup
circuitry included 1n the stacked multiphase controllers of
FIG. 1.

FIG. 5 shows an example of signals in the integrator
startup circuitry of FIG. 4.

FIG. 6 1s a block diagram for example fault communica-
tion circuitry included 1n the stacked multiphase controllers
of FIG. 1.

FIG. 7 1s a flow diagram for an example method for fault
communication 1n stacked multiphase controllers.

DETAILED DESCRIPTION

As the current demands of modern circuits increase, the
number of power stages (phases) needed in a multiphase
regulator to meet the current demand also increases. Each
power stage 1s controlled via at least two pins of a multi-
phase controller. Thus, the multiphase controller pin count
increases with the number of power stages. To enable
control of the increasing number of power stages, multi-
phase controllers may be coupled in parallel (stacked) to the
power stages. Each of the stacked multiphase controllers
supports N power stages, and K stacked controllers support
K*N power stages. In some systems, one of the stacked
controllers serves as the primary controller, and the remain-
der of the stacked controllers serve as secondary controllers.

When using stacked multiphase controllers, the operation
of the controllers should be coordinated to properly control
the power stages. To simulate the operation of a single
controller, the stacked controllers should start and stop
together. Diflerences 1n clock frequency and initialization
time of various analog blocks of the controllers can cause
different controllers to start-up at different times. Controller
start-up and shut-down should be managed to ensure that the
various power supplies supported by the controllers are
started and stopped 1n the proper order. Uncontrolled shut-
down of the stacked multiphase controllers may result 1n
system operational errors or damage 11 the power supplies
associated with the controllers shut-down out of sequence.

The multiphase controllers described herein allow com-
munication of startup enable signals, control loop enable
signals, and fault signals between any number of stacked
multiphase controllers without increasing the number of pins
provided in the controller packaging. To control startup
timing, each multiphase controller drives a startup enable
signal using an open-drain output coupled to a package pin
used receive power stage ready status. All of the stacked
multiphase controllers startup when all of the stacked mul-
tiphase controllers are ready.
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The package pin used to communicate the startup enable
signal may also be used to communicate a fault signal to all
of the stacked multiphase controllers. Each multiphase con-
troller drives a fault signal using an open-drain output
coupled to a package pin. When any multiphase controller
detects a fault, the controller drives the fault signal, and all
of the controllers shut down.

Each of the multiphase controllers includes an error
integrator to control output voltage and/or current. Each
error itegrator 1s enabled responsive to pulse width modu-
lation. To coordinate operation of the error integrators, each
multiphase controller drives an enable signal using an open-
drain output coupled to a package 1/O pin. The first of the
stacked multiphase controllers to generate a pulse-width
modulator pulse drives the enable signal to enable the error
integrators of all of the stacked multiphase controllers.

FIG. 1 1s a block diagram for an example multistage
DC-DC converter 100 that includes stacked multiphase
controllers with inter-controller communication. The multi-
stage DC-DC converter 100 includes a multiphase controller
102, a multiphase controller 104, a power stage 106, a power
stage 108, a power stage 110, and a power stage 112. The
multiphase controller 102 may be similar or identical to the
multiphase controller 104. The power stage 106, power
stage 108, power stage 110, and power stage 112 may be
similar or 1dentical to one another. The power stage 106 and
the power stage 108 are coupled to the multiphase controller
102. The power stage 110 and the power stage 112 are
coupled to the multiphase controller 104. In practice, the
multistage DC-DC converter 100 may include 2 or more
multiphase controllers, and two or more power stages may
be coupled to each of the multiphase controllers. Each
multiphase controller controls switching of the power tran-
sistors provided in the power stages coupled to the multi-
phase controller to charge an inductor coupled to each power
stage. For example, the multiphase controller 102 controls
switching of the power stage 106 to charge the inductor 114,
and controls switching of the power stage 108 to charge the
inductor 116. Similarly, the multiphase controller 104 con-
trols switching of the power stage 110 to charge the inductor
118, and controls switching of the power stage 112 to charge
the inductor 120. A load circuit, such as the processor 122,
1s coupled to the inductors.

Pulse width modulation outputs 102A and 102B of the
multiphase controller 102 are respectively coupled to pulse
width modulation control mputs 106A and 108A of the
power stage 106 and the power stage 108 to control switch-
ing of the power stage 106 and the power stage 108.
Similarly, pulse width modulation outputs 104A and 104B
of the multiphase controller 104 are respectively coupled to
pulse width modulation control inputs 110A and 112A of the
power stage 110 and the power stage 112 to control switch-
ing of the power stage 110 and the power stage 112.

The multiphase controller 102 and the multiphase con-
troller 104 include inter-controller communication circuitry
124 that enables communication of synchronization infor-
mation between the multiphase controller 102 and the mul-
tiphase controller 104. To reduce the number of package
pins needed to provide communication between the multi-
phase controller 102 and the multiphase controller 104,
communication 1s provided using package pins assigned to
other functions. The synchronization functions provided by
the inter-controller communication circuitry 124 include
startup, mtegrator, and shutdown synchronization. The con-
troller startup terminal 102C of the multiphase controller
102 1s coupled to the controller startup terminal 104C of the
multiphase controller 104 to provide multiphase controller
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startup synchronmization. The temperature status terminal
1068 of the power stage 106, the temperature status terminal
108B of the power stage 108, the temperature status terminal
1108 of the power stage 110, and the temperature status
terminal 112B of the power stage 112 are also coupled to the
controller startup terminal 102C and the controller startup
terminal 104C for communication of temperature informa-
tion from the power stages to the multiphase controllers.
Thus, communication of controller startup synchronization
information 1s provided via package pins that are also used
to receive temperature information from the power stages.

The integrator enable terminal 102D of the multiphase
controller 102 1s coupled to the integrator enable terminal
104D of the multiphase controller 104 for communication of
integrator synchronization information between the multi-
phase controller 102 and the multiphase controller 104.

Fault mmformation 1s communicated between the multi-
phase controller 102 and the multiphase controller 104 via
the controller startup terminal 102C and the controller
startup terminal 104C (the controller startup terminal 102C
and the controller startup termunal 104C may also be
referred to as controller fault terminals). Thus, fault infor-
mation 1s communicated via package pins that are also used
to communicate controller startup synchromization informa-
tion and power stage temperature information. The average
current terminal 102E 1s coupled to the average current
terminal 104E for communication of average current infor-
mation between the multiphase controller 102 and the mul-
tiphase controller 104. The average current terminal 102E
and the average current terminal 104E are also used to
communicate additional fault information between the mul-
tiphase controller 102 and the multiphase controller 104.
Thus, fault information 1s shared via package pins that are
also used to share average current information.

FIG. 2 15 a block diagram of example startup synchroni-
zation circuitry 200. The startup synchronization circuitry
200 may be included in the inter-controller communication
circuitry 124 of the multiphase controller 102 and the
multiphase controller 104. The startup synchronization cir-
cuitry 200 includes an open drain driver 202, a controller
enable circuit 204, a comparator 206, and a voltage refer-
ence circuit 208. The open drain driver 202 1s an N-type field
cllect transistor (FET) having a first current terminal (drain)
coupled to the controller startup terminal 102C, and a second
current terminal (source) coupled to ground. A control
terminal (gate) of the open drain driver 202 1s coupled to the
controller enable circuit 204. A first input of the comparator
206 1s coupled to the controller startup terminal 102C, and
a second input of the comparator 206 1s coupled to the
voltage reference circuit 208. An output of the comparator
206 1s coupled to the controller enable circuit 204.

Operation of the startup synchronization circuitry 200 1s
explained by reference to the multiphase controller 102. The
multiphase controller 104 operates in similar fashion. At
initialization of the multiphase controller 102, the controller
enable circuit 204 activates the open drain driver 202 to pull
down the voltage at the controller startup terminal 102C.
When the multiphase controller 102 1s ready to start up
(power supply voltages reach operational levels, firmware
has executed to a startup point, operation i1s enabled via
externally generated signal or firmware, etc.), the controller
enable circuit 204 deactivates the open drain driver 202.
When the open drain drivers 202 of the multiphase control-
ler 102 and the multiphase controller 104 are deactivated,
the voltage at the controller startup terminal 102C goes high.
The comparator 206 compares the voltage at the controller
startup terminal 102C to a threshold provided by the voltage
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reference circuit 208. The threshold voltage provided by the
voltage reference circuit 208 may be about 280 millivolts in
some 1mplementations of the startup synchronization cir-
cuitry 200. When the voltage at the controller startup ter-
minal 102C exceeds the threshold, the output of the com-
parator 206 goes high to notily the controller enable circuit
204 that all multiphase controllers of the multistage DC-DC
converter 100 are ready to start up, and the controller enable
circuit 204 triggers the multiphase controller 102 to start up
(e.g., start modulation of the power stages). Thus, the startup
synchronization circuitry 200 synchronizes startup of the
multiphase controller 102 and the multiphase controller 104
to avoid 1ssues caused by different imitialization times for
various circuits (analog circuits, firmware timing, etc.) of the
different multiphase controllers.

FIG. 2 also shows an analog-to-digital converter 210
coupled to the controller startup terminal 102C for digitizing
temperature information received from the power stages.

FIG. 3 1s flow diagram for an example method 300 for
startup synchronization of stacked multiphase controllers
102 and 104. Though depicted sequentially as a matter of
convenience, at least some of the actions shown can be
performed 1n a different order and/or performed in parallel.
Additionally, some implementations may perform only
some of the actions shown. Operations of the method 300
are explained with reference to the multiphase controller
102. The multiphase controller 104 also executes the method
300.

In block 302, power 1s provided to the multiphase con-
troller 102. The power may include a first voltage to power
analog circuits and a second voltage to power digital cir-
cuits.

In block 304, the controller enable circuit 204 activates
the open drain driver 202 to pull down the voltage at the
controller startup terminal 102C. The controller enable cir-
cuit 204 may activate (turn on) the open drain driver 202 as
soon as possible after power 1s applied to the multiphase
controller 102 1n block 302.

In block 306, an input voltage (Vin) provided to the
multiphase controller 102 1s compared to an input voltage
threshold (Vin_on). When the imput voltage exceeds the
input voltage threshold, in block 308, the controller enable
circuit 204 deactivates the open drain driver 202 to indicate
that the multiphase controller 102 1s ready to start up (e.g.,
ready to begin modulation of the power stage 106 and the
power stage 108. Embodiments of the method 300 may
check the state of various operating parameters of the
multiphase controller 102 1n block 306 to determine whether
the multiphase controller 102 1s ready to start up.

In block 310, the comparator 206 compares the voltage at
the controller startup terminal 102C to a threshold voltage.
The voltage at the multiphase controller 102 will exceed the
threshold voltage when both the multiphase controller 102
and the multiphase controller 104 have deactivated the open
drain driver 202 1 block 306. When the voltage at the
multiphase controller 102 exceeds the threshold voltage, the
multiphase controller 102 starts up 1n block 312. Thus, only
aiter both of the multiphase controller 102 and the multi-
phase controller 104 indicate ready, do either start up.

FIG. 4 15 a block diagram for example integrator startup
circuitry 400. A portion of the integrator startup circuitry 400
may be 1ncluded 1n the inter-controller communication cir-
cuitry 124 of the multiphase controller 102 and the multi-
phase controller 104. The integrator startup circuitry 400
includes an error integrator 402, a pulse width modulator
404, an open drain driver 408, an 1ntegrator enable circuit
410, and an mverter 412. The open drain driver 408, the
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integrator enable circuit 410, and the inverter 412 may be
included 1n the inter-controller communication circuitry 124
of the multiphase controller 102 and the multiphase con-
troller 104. The open drain driver 408 1s an N-type field
cllect transistor (FET) having a current terminal (drain)
coupled to the integrator enable terminal 102D and a current
terminal (source) coupled to ground. A control terminal
(gate) of the open drain driver 408 1s coupled to the
integrator enable circuit 410. Operation of the integrator
startup circuitry 400 1s explained by reference to the mul-
tiphase controller 102. The multiphase controller 104 oper-
ates 1n similar fashion.

The error integrator 402 and the pulse width modulator
404 are components of the regulator control loop of the
multiphase controller 102 and the power stages coupled to
the multiphase controller 102. The error integrator 402
integrates an error signal that defines a difference of a
reference signal and a feedback signal in the multiphase
controller 102. The reference signal may be representative of
a target output voltage, or may be representative of current
output of the primary multiphase controller (e.g., the mul-
tiphase controller 102). The feedback signal may be repre-
sentative of the output voltage of the multistage DC-DC
converter 100, or may be representative of the output current
of the secondary multiphase controller (e.g., the multiphase
controller 104). The integrated error signal generated by the
error integrator 402 1s provided to the pulse width modulator
404 for controlling the pulse width modulator 404. The pulse
width modulator 404 generates pulses (power stage control
pulses) for regulating the output voltage of the multistage
DC-DC converter 100. The power stage pulse circuitry 406
1s coupled to the pulse width modulator 404, and provides
PWM pulses to the power stages coupled to the multiphase
controller 102.

The integrator enable circuit 410 controls activation of the
error mtegrator 402 to ensure that the multiphase controller
102 and multiphase controller 104 start modulation of the
power stages at about the same time. An output 410A of the
integrator enable circuit 410 1s coupled to an mput 402A of
the error integrator 402 for communication of an integrator
cnable signal. An input 410B of the integrator enable circuit
410 1s coupled to the pulse width modulator 404 for receipt
of a PWM output pulse. When the multiphase controller 102
1s 1nitializing (at power up), the error integrator 402 1is
disabled, and the integrator enable circuit 410 deactivates
the open drain drniver 408 to allow the voltage at the
integrator enable terminal 102D to rise. When the pulse
width modulator 404 generates an output pulse, the integra-
tor enable circuit 410 activates the open drain driver 408 to
pull down the voltage at the integrator enable terminal 102D.
The integrator enable circuit 410 monitors the voltage at the
integrator enable terminal 102D, via the inverter 412. When
the voltage at the integrator enable terminal 102D 1s pulled
down, by the open drain driver 408 of the multiphase
controller 102 or the multiphase controller 104, the integra-
tor enable circuit 410 enables the error integrator 402, via an
enable signal provided at the output 410A. Thus, when either
the multiphase controller 102 or the multiphase controller
104 generates a PWM pulse, the error integrators in both the
multiphase controller 102 and the multiphase controller 104
are enabled to regulate the output voltage of the multistage
DC-DC converter 100.

FIG. 5 shows an example of signals in the integrator
startup circuitry 400. When the pulse width modulator 404
of the multiphase controller 102 generates the PWM pulse
502, the integrator enable circuit 410 activates the driver

control signal 503 (DRIVER CONTROL) to turn on the
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open drain driver 408 and pull the voltage 504 (INTG_C-
TRL) at the integrator enable terminal 102D low. The
integrator enable circuit 410 of the multiphase controller 102
and the multiphase controller 104 detect the voltage 504 low,
and activate the itegrator enable signal 506 (INTG_EN) to
enable the error itegrators 402 in the multiphase controller
102 and the multiphase controller 104. With 1ts error inte-
grator 402 enabled, the multiphase controller 404 generates
the PWM pulse 508.

FIG. 6 1s a block diagram for an example fault commu-
nication circuit 600. The fault communication circuit 600
may be included 1n the inter-controller communication cir-
cuitry 124 of the multiphase controller 102 and the multi-
phase controller 104. The fault communication circuit 600
includes a fault circuit 602, an open drain driver 604, an
open drain driver 606, a comparator 608, a comparator 612,
a voltage reference circuit 610, and a voltage reference
circuit 614. Operation of the fault communication circuit
600 1s explained by reference to the multiphase controller
102. The multiphase controller 104 operates 1 similar
fashion.

The fault circuit 602 detects faults (e.g., overvoltage,
undervoltage, overcurrent, etc.) in the multiphase controller
102, communicates fault information to the multiphase
controller 104 via the open drain driver 604 and the open
drain driver 606, and receives fault information from the
multiphase controller 104 via the comparator 608 and the
comparator 612. An output 602A of the fault circuit 602 1s
coupled to the control terminal (gate) of the open drain
driver 604, and an output 602B of the fault circuit 602 is
coupled to the control terminal (gate) of the open drain
driver 606. A first current terminal (drain) of the open drain
driver 604 1s coupled to the controller startup terminal 102C,
and a second current terminal (source) of the open drain
driver 604 1s coupled to ground. A first current terminal
(drain) of the open drain driver 606 1s coupled to the average
current terminal 102E, and a second current terminal
(source) of the open drain driver 604 1s coupled to ground.
The open drain driver 604 and the open drain driver 606 may
N-type FETs.

In some implementations of the fault communication
circuit 600, the open drain driver 604 may be implemented
using the open drain driver 202 of the startup synchroniza-
tion circuitry 200. That 1s the open drain driver 202 and the
open drain driver 604 may be the same transistor. After
startup, the signal at the controller startup terminal 102C
communicates fault information. Before startup, the signal at
the controller startup terminal 102C communicates control-
ler ready information.

The comparator 612 compares the voltage at the control-
ler startup terminal 102C to a fault threshold voltage pro-
vided by the voltage reference circuit 614 to determine
whether a fault has been detected by the multiphase con-
troller 104. The fault threshold voltage provided by the
voltage reference circuit 614 may be about 280 millivolts 1n
some 1mplementations of the fault communication circuit
600. The output of the comparator 612 1s coupled to an input
602C of the fault circuit 602 for communication of fault
information to the fault circuit 602. In some 1mplementa-
tions of the fault communication circuit 600, the voltage
reference circuit 614 may be implemented using the com-
parator 206 of the startup synchronization circuitry 200.
That 1s the comparator 206 and the voltage reference circuit
614 may be the same comparator.

Diflerent types of faults trigger different responses 1n the
multiphase controller 102 and the multiphase controller 104.
For example, some faults cause the PWM outputs (e.g.,
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PWM outputs 102A, 102B) to transition to a high impedance
state (tri-state), while other faults (e.g., overvoltage fault)
cause the PWM outputs to be pulled low. Signal provided at
the average current terminal 102E communicates whether
the PWM outputs should be tri-stated or pulled low. For
example, 11 the fault circuit 602 detects an overvoltage fault,
then, responsive to detection of the overvoltage fault, the
fault circuit 602 activates the open drain dniver 604 to
indicate that a fault has been detected, and activates the open
drain driver 606 to indicate that the PWM outputs should be
pulled low. I1 the fault circuit 602 detects fault for which the
PWM outputs should be tri-stated, the fault circuit 602
activates the open drain driver 604 and deactivates the open
drain driver 606. The fault communication circuit 600 of the
multiphase controller 104 detects the signals transmitted by
the multiphase controller 102 at the controller startup ter-
minal 104C and the average current terminal 104E and
initiates shutdown.

The comparator 608 compares the voltage at the average
current terminal 102E to an overvoltage fault threshold
voltage provided by the voltage reference circuit 610 to
determine what PWM response 1s indicated. The overvolt-
age fault threshold voltage provided by the voltage reference
circuit 610 may be about 280 millivolts 1n some implemen-
tations of the fault commumnication circuit 600. The output of
the comparator 608 1s coupled to an mput 602D of the fault
circuit 602 for communication of fault information to the
fault circuit 602.

FIG. 7 1s a flow diagram for an example method 700 for
fault communication in stacked multiphase controllers.
Though depicted sequentially as a matter of convenience, at
least some of the actions shown can be performed in a
different order and/or performed 1n parallel. Additionally,
some 1mplementations may perform only some of the
actions shown. Operations of the method 700 are explained
with reference to the multiphase controller 102. The multi-
phase controller 104 also executes the method 700.

In block 702, the fault circuit 602 1s monitoring operation
of the multiphase controller 102 for the presence of faults.
If a fault 1s detected 1n block 702, then the fault circuit 602

activates the open drain driver 604 to pull down the voltage
at the controller startup terminal 102C.

In block 706, 1t the fault detected 1in block 702 i1s an
overvoltage fault, or other fault that requires pull down of
the PWM outputs, then the fault circuit 602 activates the
open drain driver 606, 1n block 708, to pull down the voltage
at the average current terminal 102 =N

In block 710, the multiphase controller 102 and the
multiphase controller 104 shut down in accordance with
fault information provided at the controller startup terminal
102C and the average current terminal 102E.

In this description, the term “couple” or “couples™ may
cover connections, communications, or signal paths that
enable a functional relationship consistent with this descrip-
tion. For example, if device A generates a signal to control
device B to perform an action: (a) 1n a first example, device
A 15 coupled to device B; or (b) 1n a second example, device
A 15 coupled to device B through intervening component C
iI intervening component C does not substantially alter the
functional relationship between device A and device B, such
that device B 1s controlled by device A via the control signal
generated by device A. Also, 1n this description, the recita-
tion “based on” means “based at least in part on.” Therefore,
if X 1s based on Y, then X may be a function of Y and any
number of other factors.
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Modifications are possible 1n the described embodiments,
and other embodiments are possible, within the scope of the
claims.

What 1s claimed 1s:

1. A multiphase controller, comprising;

an 1ntegrator enable terminal;

a pulse width modulator;

an error mtegrator coupled to the pulse width modulator,

and including:
an enable 1nput coupled to the integrator enable termi-
nal;

an open drain driver including:

a current terminal coupled to the integrator enable
terminal; and

a control terminal; and

an 1ntegrator enable circuit including:

a first mput coupled to the pulse width modulator;

a second mput coupled to the integrator enable termi-
nal;

a first output coupled to the enable 1nput of the error
integrator; and

a second output coupled to the control terminal of the
open drain driver.

2. The multiphase controller of claim 1, wherein:
the open drain driver 1s a first open drain driver; and
the multiphase controller turther includes:

a controller startup terminal;

a second open drain dniver including:

a current terminal coupled to the controller startup
terminal; and
a control terminal; and

a controller enable circuit coupled to the control ter-

minal of the second open drain driver.

3. The multiphase controller of claim 2, wheremn the
controller startup terminal 1s adapted to be coupled to a
temperature sense terminal of a power stage.

4. The multiphase controller of claim 1, wherein:
the open drain driver 1s a first open drain driver; and
the multiphase controller further includes:

a controller fault terminal;

a second open drain dniver including:

a current terminal coupled to the controller fault
terminal; and
a control terminal; and

a fault circuit including an output coupled to the control

terminal of the second open drain driver.

5. The multiphase controller of claim 4, wheremn the
controller fault terminal i1s adapted to be coupled to a
temperature sense terminal of a power stage.

6. The multiphase controller of claim 4, further compris-
ng:

a comparator including:

a first mput coupled to the controller fault terminal;

a second imput coupled to a voltage reference circuit;
and

an output coupled to an mput of the fault circuait.

7. The multiphase controller of claim 4, further compris-
ng:

an average current terminal; and

a third open drain dniver, including;

a current terminal coupled to the average current ter-
minal; and
a control terminal;
wherein:
the output of the fault circuit 1s a first output; and
the fault circuit includes a second output coupled to the
control terminal of the third open drain driver.
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8. The multiphase controller of claim 7, further compris-
ng:
a comparator mncluding:
a first input coupled to the average current terminal;
a second mput coupled to a voltage reference circuit;
and

an output coupled to an mput of the fault circuit.

9. A multiphase controller, comprising:

an integrator enable terminal adapted to be coupled to an

integrator enable terminal of a different multiphase

controller;

a pulse width modulator configured to modulate a power

stage:

an error itegrator configured to control the pulse width

modulator;

an open drain driver coupled to the integrator enable

terminal of the multiphase controller; and

an integrator enable circuit coupled to the pulse width

modulator, the error integrator, the open drain driver,

and the integrator enable terminal, and configured to:

activate the open drain driver responsive to generation
of a power stage control pulse by the pulse width
modulator; and

activate the error integrator responsive to a logic low
signal at the integrator enable terminal.

10. The multiphase controller of claim 9, wherein:

the open drain drniver 1s a first open drain driver; and

the multiphase controller further includes:
a controller startup terminal adapted to be coupled to a
controller startup terminal of the diflerent multiphase
controller:
a second open drain driver coupled to the controller
startup terminal; and
a controller enable circuit coupled to the second open
drain driver, and configured to:
deactivate the second open drain driver responsive to
the multiphase controller being ready for opera-
tion; and

activate the second open drain driver responsive to a
start of 1nitialization of the multiphase controller.

11. The multiphase controller of claim 10, wherein the
controller startup terminal 1s adapted to be coupled to a
temperature sense terminal of the power stage.

12. The multiphase controller of claim 9, wherein:

the open drain driver is a first open drain driver; and

the multiphase controller further includes:

a controller fault terminal adapted to be coupled to a
controller fault terminal of the different multiphase
controller:

a second open drain driver coupled to the controller
fault terminal; and

a fault circuit coupled to the second open drain driver,
and configured to:
activate the second open drain driver responsive to

detection of a fault 1n the multiphase controller.

13. The multiphase controller of claim 12, wherein the
controller fault terminal 1s adapted to be coupled to a
temperature sense terminal of the power stage.

14. The multiphase controller of claim 12, further com-
prising a comparator configured to compare a voltage at the
controller fault terminal to a fault threshold voltage.

15. The multiphase controller of claim 12, further com-
prising:

an average current terminal adapted to be coupled to the

average current terminal of the different multiphase

controller; and
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a third open drain driver coupled to the average current

terminal and the fault circuit:

wherein the fault circuit 1s configured to activate the third

open drain driver responsive to detection of an over-
voltage fault.

16. The multiphase controller of claim 15, further com-
prising a comparator coupled to the average current terminal
and the fault circuit, and configured to compare a voltage at
the average current terminal to an overvoltage fault thresh-
old voltage.

17. A multiphase converter, comprising:

a first multiphase controller including:

an integrator enable terminal; and
a controller startup terminal;

a power stage including a temperature sense terminal
coupled to the control startup terminal of the first
multiphase controller;

a second multiphase controller including:

a controller startup terminal coupled to the temperature
sense terminal of the power stage;
an 1ntegrator enable terminal coupled to the integrator
enable terminal of the first multiphase controller;
a pulse width modulator configured to modulate the
power stage;
an error integrator configured to control the pulse width
modulator;
an open drain driver coupled to the integrator enable
terminal of the second multiphase controller; and
an 1ntegrator enable circuit coupled to the pulse width
modulator, the error integrator, the open drain driver,
and the integrator enable terminal of the second
multiphase controller, and configured to:
activate the open drain driver responsive to genera-
tion of a power stage control pulse by the pulse
width modulator; and
activate the error integrator responsive to the first
multiphase controller generating a logic low sig-
nal at the integrator enable terminal of the second
multiphase controller.

18. The multiphase converter of claim 17, wherein:

the open drain driver of the second multiphase controller
1s a {irst open drain driver; and

the second multiphase controller further includes:

10

15

20

25

30

35

40

12

a second open drain driver coupled to the controller
startup terminal of the second multiphase controller;
and

a controller enable circuit coupled to the second open
drain driver, and configured to:
deactivate the second open drain driver responsive to

the second multiphase controller being ready for
operation; and
activate the second open drain driver responsive to a
start of imitialization of the second multiphase
controller.
19. The multiphase converter of claim 18, wherein:
the second multiphase controller includes:

a third open drain dniver coupled to the controller
startup terminal; and

a fault circuit coupled to the third open drain driver, and
configured to:
activate the third open drain driver responsive to

detection of a fault in the second multiphase
controller.
20. The multiphase converter of claim 19, wherein:
the first multiphase controller includes an average current
terminal; and
the second multiphase controller includes:

an average current terminal coupled to the average
current terminal of the first multiphase controller;
and

a fourth open drain dniver coupled to the average
current terminal of the second multiphase controller
and the fault circuit; and

the fault circuit 1s configured to activate the fourth open
drain driver responsive to detection of an overvoltage
fault.

21. The multiphase converter of claim 20, wherein the

second multiphase controller includes a comparator coupled
to the average current terminal of the second multiphase
controller and the fault circuit, and configured to compare a
voltage at the average current terminal to an overvoltage
fault threshold voltage.

22. The multiphase converter of claim 17, wherein:

the second multiphase controller includes a comparator
configured to compare a voltage at the controller
startup terminal to a fault threshold voltage.
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